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Abstract
This work describes the implementation of a cost-eﬀective assistive mobile application aiming to improve the quality of life of
visually impaired people. Taking into account the architectural adaptations being done in many cities around the world, such as
tactile sidewalks, the mobile application provides support to guide the visually impaired through outdoor/indoor spaces making use
of various navigation technologies. The actual development of the application presented herein has been done taking into account
that the safety of the end user will very much depend on the robustness, accuracy and timeliness of the information to be provided.
Furthermore, we have based our development on open source code: a must for applications to be adapted to the cultural and social
characteristics of urban areas across the world.
c© 2016 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the Conference Program Chairs.
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1. Introduction
According to the World Health Organization1 (WHO), nowadays, there are 285 million people with visual im-
pairment, of which 39 million are completely blind and 246 million have low visibility disabilities. To improve the
social inclusion of these citizens, novel technological solutions are being explored and developed by many diﬀerent
organizations: research centers, industrial players and public agencies2.
In this paper, we present a novel mobility solution to assist the visually impaired through their daily journey. The
mobility assistant does not only provide guidance to the blind through his/her day-to-day journey, but it also serves as
a valuable source of information to city managers. Many mobility assistants have been reported in the literature. Two
of the main issues addressed by most works have centered around their usability and operability3. The latter refers
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to their ability to operate both in outdoor and indoor environments4. Most outdoor solutions have relied on the use
commercial GPS systems5, while in the case of indoor environments, various technologies, such as RFID6,7, wireless
LANs8 and computer vision9,10 are being explored. As for their usability, system prototypes have been tested and
evaluated in various sites. Such studies have taken into account, up to a certain extent, the cultural and architectural
features of the target environments. The results have proven their potential on improving the quality of life of people
suﬀering from visual impairments.
In an eﬀort to provide a friendly environment to the visual impaired, many cities11 have invested into traﬃc lights
incorporating sound systems, tactile and accessible sidewalks. Many cities are already working on implementing
smart traﬃc lights synchronized in real time based on the traﬃc and people mobility12. In fact, this feature makes
part of the enhancements to the infrastructure of Smart Cities recommended by the ISO 37120:201413. However, the
high costs involved in the deployment of such facilities requires the careful planning and the development of low-cost
reliable solutions. Power eﬃciency is another major issue to be addressed2,14. An overall solution also calls for the
synchronization of a large number of devices enabling the timely and reliable operation of the overall solution.
In this context, our work has been implemented considering the limitations of other technologies. We have de-
veloped a hybrid system that visual impaired people may use in indoor/outdoor environments based on the use of
GPS and Bluetooth 4.0 BLE technologies along with a mobile device15. The latter is mainly characterized by the
low-power requirements, making it a cost eﬀective and reliable solutions.
Regarding the implementation of the outdoor functionalities of the mobility assistant proposed herein, they com-
prise a smart traﬃc light controller and the development of an application based on the Google Directions API and
Google Maps Geocoding API. The controllers have been designed to be installed at the traﬃc lights. They provide the
required infrastructure to communicate with the mobile assistant application via Bluetooth. In this way, users may get
timely and accurate information all along their journey. As for the indoor environments, the mobility assistant relies
on the use Bluetooth beacons devices strategically placed to identify the diﬀerent areas of a building. The application
makes use of the pedometer and gyroscope sensors found in most smart phones. In this way, the user can be accurately
guided through indoor spaces.
As for the user interface, being an application for the visually-impaired, it is launched by pressing the volume
button. Finally, the user can interact with the application through a voice recognition system implemented using the
TextToSpeech Google API.
2. Ray: A low-power smart mobile assistant for the blind
Recent developments have enabled the implementation of low-power controllers and communication interfaces.
We have based our design on an AVR micro-controller. As for the communication interfaces, we have made use
of Bluetooth 4.0 devices16,17. Bluetooth 4.0 devices can operate in two diﬀerent modes: Bluetooth Low Energy
(4.0 BLE) and Enhanced Data Rate (EDR 2.0). In both modes, the devices basically implement the sames tasks:
digital transmission, tele-control and data acquisition. The main diﬀerences between both modes rely on the power
consumption and the achievable data transmission range. Figure 1 shows the circuit diagram and the picture of the
traﬃc controller and the Bluetooth 4.0 BLE device.
2.1. Smart Indoor routes
One of the main features of our mobile assistant has been centered on the design of a friendly and reliable service.
Voice messages guide the users in indoor environments. Voice messages include ”Go ahead” or ”Turn left or right”
indications. These services have been implemented based on the pedometer, gyroscope and Bluetooth interface al-
ready integrated into most smart phones. The latter is used to keep in touch with the Bluetooth beacons strategically
placed in the building.
We deﬁne a Beacon-Zone, an ambient where a beacon can be detected. The beacons provide guidance through
current area in which the user is located. In order to ensure the accuracy of the estimated position of the user, each
Beacon-Zone has a CP (checkpoint). The users are then directed from one CP to another, i.e. a route is made of a
sequence of the CPs. Figure 2 shows the experimental deployment of our solution. The coverage area of each beacon
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Fig. 1. Circuit diagram and traﬃc-light micro-controller
Fig. 2. Beacons coverage area in ﬁrst and second ﬂoors
is also depicted in the ﬁgure. As the user moves throughout the building, the handover from one beacon to another
one is made based on the level of the RSSI detected by the mobile assistant.
The conﬁguration of the beacon sensors has been implemented bearing in mind once again the accuracy of the
instructions to be provided to the end user and the power consumption. The broadcast interval was therefore set to 1s
and the power transmission between 3 and 4m. Care was also taken to avoid the detection by the mobility assistant of
two or more beacons with RSSI>-85dBm.
Table 1 shows the RSSI and standard deviation detected by the mobile assistant during a period of 1min at diﬀerent
distances from the reference beacon. As seen in the table, the level of the signal degrades rapidly as a function of the
distance. It is therefore important to make use of a large number of beacons spaced one another at a distant no longer
than 1.5m, i.e., there should be at least a 50% overlap between the coverage areas of two adjacent beacons.
Table 1. Signal in Beacon device.
Distance Inside the pocket RSSI (dBm) Standard Deviation
10cm No -72.53 5.99
10cm Yes -77.59 6.46
1m No -85.46 6.36
1m Yes -90.45 6.92
3m No -95.15 5.68
3m Yes -98.78 6.33
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2.2. Smart Outdoor routes
Current navigation systems make use of GPS coordinates, routes and directions. However, in the case of an
application designed to assist visually impaired people, we suggest the use of an hybrid BNE4.0/GPS system. Our
proposal makes use of BNE beacons strategically installed at the traﬃc lights. One of the main tasks of the traﬃc
controller consists on changing of state whenever the traﬃc light switches from one state to another. The design has
taken into account the power consumption. These changes are therefore handled through the input ports of the AVR
micro-controller using an interrupt mechanism. In this way, the controller remains most of the time in the SLEEP
mode. In the case of the ”Don’t Walk” traﬃc light state (Red Light), the BLE device remains active and ready to
transmit this event to the mobility assistants of the users located in close proximity to the traﬃc light.
For the purpose of meeting the safety and power consumption trade oﬀ, the transmission range has been ﬁxed to
3m around a traﬃc light. It is worth to mention that most streets in the city of Lima are rather narrow. Table 2 shows
the signal level observed during the tuning up process of our implementation. During our tests, we assumed that the
user carries the mobility assistant in the pocket and that the BLE device operates in the low power mode.
Table 2. Signal level of the Bluetooth 4.0 BLE controller.
Distance Inside the pocket RSSI Standard Deviation
10cm No -41.55 3.18
10cm Yes -47.57 3.37
1m No -57.04 2.49
1m Yes -65.30 4.31
3m No -67.81 3.12
3m Yes -71.40 3.77
As for the outdoor navigation assistance, we based our solution on the use of the Google maps API. Even though
Google Maps always suggests the shortest path, we have to realize that the most convenient path to the blind may not
be necessary the shortest one. In fact, our goal is to make use of the paths adequately adapted to the visually impaired.
For this reason, we did have to adapt some of the functionalities of the Google Maps API. It is for this reason that we
have focused on avoiding to go across areas characterized as diﬃcult or not adequate for pedestrians, such as street
intersections without traﬃc lights. Obviously if such alternate route is not available, the user will have to be guided
throughout the shortest route.
Figure 3 depicts the functionality of a Smart Traﬃc Light incorporating our Bluetooth solution. We should realize
that traﬃc lights in South America are deployed across the streets. That is to say, a pedestrian has to look at the traﬃc
located across the streets. Furthermore, the end-use’s itinerary has to be identiﬁed as well as his/her orientation. This
is achieved through the gyroscope and by requesting a conﬁrmation from the user on his/her intended journey. The
ﬁgure also shows an example of one route suggested by Google Maps which has been modiﬁed by Waypoints in order
to direct the user throughout a safer route. Furthermore, we have identiﬁed that ”T” shaped intersections require the
use of beacons to guide the user throughput the proper intersections.
3. Conclusions and Future work
In this work, we have presented a prototype of a mobility assistant for visual impaired users. The mobile assistant
has been designed taking into account the need for low cost solutions in the context of Latin American urban areas.
We have therefore identiﬁed the shortcomings of some of the current services provided by Google.
Regarding the operation of the proposed solution in an indoor environment, we have identiﬁed that further studies
have to been conducted on the accuracy and reliability of localization systems based on Bluetooth technologies. The
use of ﬁlters and the tuning of parameters, such as the power level, should be clearly examined.
As for our future research plans, we will be focusing on incorporating other sources information allowing us to
evaluate the economical and social beneﬁts of outdoor solution in a close to real world scenarios. The access to
relevant data made available by the municipalities should set the basis for such study.
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Fig. 3. Smart Traﬃc light and Waypoints in APP
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